incubated for 10 minutes allowing aggregates to adhere to the surface of glass coverslips. The chamber was immediately loaded onto the microscope stage and images were acquired at a frame rate 20 ms and 200 frames for ThT channel and 2000 frames for NR channel.
Control Experiments with β-Lactoglobulin. β-Lactoglobulin (βLG, L3908, Sigma-Aldrich) was dissolved in filtered PBS buffer to a concentration of 1 mg/ml. For sPAINT imaging, the βLG stock solution was 100 times diluted into filtered PBS buffer including 5 µM ThT and 2 nM NR. The mixture was added to the chamber and incubated for 10 minutes allowing proteins to adhere to the surface of glass coverslips. The chamber was immediately loaded onto the microscope stage and images were acquired at a frame rate 20 ms and 200 frames for ThT channel and 2000 frames for NR channel.
Proteinase K Digestion Assays with sPAINT. Recombinant proteinase K (Fungal, Invitrogen, 25530015) was prepared at a concentration of 2 µM in the reaction buffer. To determine the PK sensitivity, 70 µM αS proteins of 200 nM and 1 µM αS proteins of 25 nM including 20 µM ThT and 4 nM NR were mixed with PK solution to a final enzyme concentration of 0.2 µM. The sealed slides including the mixture were immediately loaded onto the microscope stage and images were acquired at a frame rate of 20 ms and 200 frames for ThT channel and 2000 frames for NR channel. We then incubated the sealed slides at 37 °C in a custom-made chamber enclosure. After 1 hour, we imaged the same field of view at the same acquisition rate.
Instrumentation. Fluorescence imaging was performed using a homebuilt total internal reflection fluorescence (TIRF) set-up based on an inverted optical microscope (IX73, Olympus) and coupled to an electron multiplied charged coupled device (EMCCD) camera (Evolve II 512, Photometrics, Tuscon, AZ). Lasers operating at 405 nm continuous wave (CW) diode laser (Cobolt, MLD 0405-06-01-0100-100) for ThT imaging, and 532 nm CW diode-pumped solid-state laser (LASOS Lasertechnik GmbH, Germany) for NR imaging were used as excitation sources.
The lasers were circularly polarized light by a quarter wave plate and directed off dichroic mirrors for 532 nm and 405 nm illumination (Di02-R532-25x36 and Di02-R405-25x36, Semrock, USA) towards a high numerical aperture, oil-immersion objective lens (Plan Apochromat 60 × NA 1.49, Olympus APON 60XOTIRF, Japan) to the sample coverslip. Total internal reflection was achieved by focusing the laser at the back focal plane of the objective, off axis, such that the emergent beam at the sample interface was near-collimated and incident at an angle greater than the critical angle θ c (~ 67° for a glass/water interface). This generated a ~ 50 µm diameter excitation footprint with power densities in the range ~ 0.5 kWcm -2 at the coverslip. The emitted fluorescence was collected through the same objective and further filtered using a longpass filter BLP01-532R-25 (Semrock, USA), a bandpass filter FF01-650/200-25 (Semrock, USA), and a shortpass filter FF01-715/SP-25 (Semrock, USA) for 532 nm illumination (NR channel) or a longpass filter FF02-409/LP-25 (Semrock, USA) for 405 nm illumination (ThT channel) before being expanded by a 2.5 × relay lens (Olympus PE 2.5 × 125). Finally, a mechanical slit (VA100/M, Thorlabs) and a transmission diffraction grating (600 Grooves/mm 22.0° Blaze Angle -GTU13-06, Thorlabs) with a homebuilt grating holder were mounted on the camera port path prior to the detector. The camera-to-grating distance was optimized Single Protein Analysis. Based on the clustered localizations and the final result file, the spectral information of individual proteins was extracted and plotted using custom-written MATLAB software (R2014b, Mathworks). A localization threshold of 10 was used to identify single aggregates.
Size Analysis. NR localizations in the image were determined using the Peak Fit plugin for ImageJ.
Individual protein diameters (species showing as globular/spherical particles, < 300 nm, diffractionlimited aggregates) in the super-resolution image were determined by calculating the full width half maximum (FWHM) from the standard deviation (σ) of a two-dimensional (2D) Gaussian fit, FWHM = 2. 35 × σ. The σ of the long axis was chosen for determining the protein size. The errors were determined by a bootstrapping method. For the ellipticity (E) analysis of the aggregates, we calculated the value using the σ of the short axis and long axis which were defined from the 2D Gaussian fit.
The range of the ratio is 0 (elongated shape) < E < 1 (circular shape). To compensate for the mechanical drift, we used fiducial markers of 100 nm gold nanoparticles (Sigma-Aldrich, 753688, stabilized suspension in 0.1 mM PBS). The mean drift at each time point was determined from all fluorescent beads (pink, multiple fiducials) and subtracted from all beads in the image. Each fluorescent bead was used to track local movement by correcting its own position (orange, self corrected). No significant difference was noticed between correction methods. The multiple fiducial correction method is presented in (a) as it was judged to most fairly represent overall stage movement. As the spectral measurement is determined by the distance between two points in an individual frame drift correction has no effect on spectral precision.
Supplementary Figure 2. Size analysis of αS oligomers of 70 µM (a) and 1 µM (b).
For the 70 µM αS aggregation, the size of the αS proteins increase as a function of time. For the 1 µM αS aggregation no fibrillar species were detected. The non-ThT active species were on average smaller than the ThT active species, which is consistent with the model where the non-ThT active species convert and grow into the ThT active species. 
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